Background: There is enough evidence, which suggests that nonsurgical periodontal therapy (NSPT) improved the glycemic control in patients of Type 2 diabetes mellitus (T2DM) with chronic periodontitis (CP). This meta-analysis is aimed to explore the effect of NSPT, exclusively scaling and root planing (SRP) as monotherapy on glycemic control and periodontal parameters in patients of T2DM with CP. Materials and Methods: Two databases, MEDLINE and EMBASE, were searched from June 2006 to June 2016. Initially, 464 potentially relevant studies were evaluated. Randomized controlled trials with duration of ≥3 months, based on the treatment group managed with SRP without any supportive use of local drug delivery or systemic antibiotics, while the control group received no periodontal therapy, were selected. This resulted in six appropriate articles with a total of 812 patients of T2DM with CP. Alteration in glycated hemoglobin (HbA1c) was the primary outcome measure, whereas the changes in clinical attachment level (CAL) and probing pocket depth (PPD) were the secondary outcome measures. Results: SRP treatment resulted in a decrease in HbA1c by 0.26% (P = 0.17) at 3-4 months compared to the control group. Further, on subgroup analysis, SRP therapy revealed a decrease in PPD and CAL at 3-4 months, though statistically insignificant. Conclusion: SRP treatment leads to modest improvement in glycemic status and periodontal parameters in T2DM patients with CP at 3-4 months.
INTRODUCTION

P
eriodontitis is a chronic and progressive inflammatory disease predominantly caused by the interaction of microorganisms and host immune response and is an important cause of tooth loss among adults. [1] Chronic periodontitis (CP) not only progressively and painlessly destroys the supporting tissues around the teeth but also has an influence on the systemic health of the individual. [2] Many investigators have proposed a bipartisan relationship between diabetes mellitus (DM) and periodontal disease. [3] Persistent gram-negative periodontal infection leads to decline in insulin sensitivity in patients with diabetes through up-regulation of proinflammatory cytokines, and uncontrolled hyperglycemia per se increases the severity of periodontal disease by an accumulation of advanced glycation end products and subsequent destruction of periodontal supporting tissue. [3] Therefore, the strong interplay of pathogenic mechanisms between the two diseases makes their association more vicious.
It has been extensively studied that in the presence of CP, patients with DM exhibit worsening of their glycemic control. [4, 5] The release of endotoxins by periodontal pathogens, and secretion of proinflammatory cytokines by the affected gingival tissue results in worsening of insulin resistance and consequent hyperglycemia. [6] Diabetes has also increasingly been viewed as chronic low-grade systemic inflammation. [7] Various studies have reported that patients with diabetes have a higher prevalence of CP. [8] [9] [10] Furthermore, patients with poorly controlled diabetes have a higher risk (2.9 times) of having severe periodontitis compared to the nondiabetic participants. [10] Therefore, it is imperative to consider periodontal disease as an important complication of diabetes. [11] Both diabetes and periodontal infection are complicating and enhancing each other's magnitude and severity; therefore, it is suggested that along with the medications for diabetes, the control of active periodontal infection should also be aimed to achieve a long-term glycemic control in these patients. [12] Nonsurgical periodontal therapy (NSPT) is the initial step in the management of periodontal diseases. The target of NSPT is to modulate or abolish the microbes and other causative factors implicated in gingival and periodontal diseases. [13] The effect of NSPT on glycemic control in patients of diabetes with CP has been studied extensively in erstwhile reviews and meta-analyses. [14] [15] [16] However, there is a dearth of data regarding the impact of scaling and root planing (SRP) alone without the supportive use of any systemic or topical antibiotics, on glycemic control and periodontal parameters in patients with type 2 DM (T2DM) in ailing from concurrent CP. In a recent meta-analysis, selected studies mainly had an intervention in the form of subgingival and supragingival debridement or SRP with adjunctive use of topical and systemic antibiotics and surgical therapy (periodontal flap surgery) when indicated. [16] Therefore, the adjunctive use of topical and systemic antibiotics in T2DM patients with CP masked the results of SRP alone on glycemic control and periodontal status. Hence, the present study has its uniqueness in the inclusion of the most recent available data, i.e., randomized control trials (RCTs) till 2016 with an aim to accomplish a meta-analysis to redefine, whether SRP as a mono-therapy, could improve the glycemic control and periodontal parameters in these patients.
MATERIALS AND METHODS
Search strategy
Two authors independently searched the data from two databases, PubMed and EMBASE, according to the methods described in previous meta-analyses. [14] [15] [16] The separate search strategies were framed and used for the said databases [MEDLINE and EMBASE search strategy, Appendixes 1 and 2, respectively].
Study selection criteria
RCTs conducted from June 2006 to June 2016, were included in the present study. In view of the recent data on the effect of SRP (periodontal therapy) on the pathophysiology of T2DM, it was decided to include those articles focused exclusively on this mode of therapy, and these trials were filtered from June 2006 to June 2016 (up to 10 years). The literature search was confined to the English language only.
Inclusion and exclusion criteria
RCTs, which, enrolled the patients of T2DM with CP treated by SRP alone without any supportive use of local drug delivery and systemic antibiotics, were included in the study. The primary outcome measure was mean change in glycated hemoglobin (HbA1c) level, and the secondary outcome measures were clinical periodontal parameters, including clinical attachment levels (CAL) and/or probing pocket depth (PPD). Reviews, commentaries, case reports, cross-sectional studies, and RCTs having systemically healthy controls were excluded from the study.
If there were >1 publication from the same ethnic group, only data from the most recent report were included in the meta-analysis and remaining were excluded from the study. Criteria for T2DM [17] included a HbA1c level of ≥6.5%, or a fasting plasma glucose level ≥126 mg/dL (7 mmol/L); or a 2-h plasma glucose level ≥200 mg/dL (11.1 mmol/L) during a 75-g oral glucose tolerance test, or a random plasma glucose ≥200 mg/dL (11.1 mmol/L) in a patient with classic symptoms, including polyuria, polydipsia, polyphagia, weight loss, or hyperglycemic emergency. Criteria for CP [18] were based on the amount of CAL like this: slight = 1-2 mm CAL, moderate = 3-4 mm CAL, and severe ≥5 mm CAL.
Extraction of data
Three authors independently screened all studies to include RCTs with appropriate inclusion criteria in the present meta-analysis. Characteristics which have been extracted from each study were as follows: (i) name of the journal and year of publication (ii) last name of the first author (iii) country where the study was conducted (iv) single or multicentric trial (v) randomized or nonrandomized trial (vi) parallel or crossover study (vii) single-or double-blinded studies (viii) the mean age of the study population (ix) number of male and female participants (x) study duration (xi) definition of CP (xii) definition of T2DM (xiii) baseline HbA1c, probing depth, and CAL (xii) HbA1c, probing depth, and CAL after 3-4 months of therapy.
Quality assessment
The quality of all selected studies was evaluated using the risk of bias tool according to the Cochrane Handbook for systematic review (Version 5.1). [19] The quality of each study was assessed independently by two authors using the scale. [20] Authors graded the response options of "high risk of bias," "low risk of bias," and "unclear risk of bias" for each of the domains.
Statistical analysis
The absolute difference in the percentage of HbA1c in the treatment and control group was documented. For analysis of data, continuous variables were presented as means with standard deviation. In the present study, we assumed that baseline data are comparable between the treatment group and the control group. To assess the statistically significant difference in the mean values among the control and treatment group, we performed independent sample t-test. Test results showed that there was a statistically insignificant (P = 0.76) difference in the mean HbA1c level at baseline. Hence, to compare the effectiveness of the treatment, we used 3-month follow-up data for further analysis in the present study. To assess the heterogeneity among studies, we used the Cochran Q and I 2 statistics; for heterogeneity; for I 2 , a value <0.50% is considered an estimate of heterogeneity, and a fixed-effects model analysis was used to compute the pooled effect; otherwise, a random-effects model was employed. [19] Forest plots were drawn displaying the point estimate and confidence intervals for each study. Statistical significance was expressed as a two-tailed P < 0.05. Using RevMan version 5.1 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2011) the numerical data for the meta-analysis was processed.
RESULTS
Search results
The combined PubMed and the EMBASE searches resulted in retrieval of 464 potentially relevant articles [ Figure 1 ]. Total articles after the elimination of duplicates were 409. These articles were later curtained by title and abstract for eligibility, and 300 articles were excluded. Another 53 articles were disqualified, as these were reviews, commentaries, correspondence, case-reports, protocols, and editorials. Finally, the RCTs retrieved for full-text review were 56. Out of these 56 studies, only six studies could fulfill the inclusion and exclusion criteria and have estimated the primary outcome measure HbA1c. Furthermore, only 4 and 3, included studies have evaluated the secondary outcome measures PPD and CAL, respectively. Data extraction was accomplished in these studies for final analysis [ Figure 1 ].
Study characteristics
Out of the six selected studies, two [21, 22] were conducted in the USA, three [23] [24] [25] in Asia (one each from India, Iran, and Malaysia), and one [26] in Europe (Greece). The duration of studies was from 3 to 6 months, though the data up to 3-4 months were included for the meta-analysis. Three out of the six studies were double-blinded, while the rest of the studies did not disclose about the blinding pattern. All the studied patients had T2DM and were ailing from periodontitis. In total 410 patients were in the intervention group, and 402 patients were controls with the mean age ranging from 50 to 59 years. The baseline HbA1c levels ranged from 7.7% to 9% for the intervention group, whereas the baseline HbA1c levels for the control group ranged from 7.6% to 8.7%.
All the study participants in the intervention group underwent SRP without adjunctive use of any local or systemic antibiotics or any other therapy, whereas patients in the control group did not undergo any form of periodontal treatment. Characteristics of all six incorporated studies are shown in Table 1 , and alterations in primary and secondary outcome measures are shown in Tables 2-4 .
Quality assessment results
Following parameters were measured for the quality assessment of included studies; selection bias (random sequence generation and allocation concealment), performance bias (blinding of participants and personnel), detection bias (blinding of outcome assessment) attrition bias (incomplete outcome data), reporting bias (selective reporting), and other bias. Most of the studies showed a low risk of bias for almost all the parameters assessed, whereas 30% of the studies showed a high risk for performance and detection bias [ Figure 2 ]. Further, the risk of bias was unclear for selection bias (allocation concealment).
Scaling and root planing and glycated hemoglobin
Data on alteration in HbA1c were available for analysis in 812 patients, enrolled in six studies. Three out of the six studies demonstrated substantial improvement in glycemic control after periodontal intervention as assessed by a significant reduction in HbA1c levels when compared to the control group. Overall, the mean change in HbA1c from baseline to 3 months was -0.26% (95% CI: −0.63, 0.11) [ Figure 3 ]. This was further illustrated in the forest plot, showing a favorable effect on glycemic control. Nevertheless, there are chances of significant heterogeneity in the change of HbA1c levels across the studies (P < 0.0001, I 2 = 84%), because of the wide variations in the sample size of the included studies.
To address possible publication bias, we used the Begg's test for funnel plot asymmetry. Analysis of the funnel plot showed minimal asymmetry (data are not shown), which was further supported by the Begg's test (P = 0.04) meaning thereby that there was no publication bias in our analysis [ Figure 4 ].
Change of periodontal parameter at 3 months
SRP demonstrated a substantial benefit on the periodontal parameters. Four studies described the mean change in PPD However, no heterogeneity was recorded regarding the change of PPD across studies (P = 0.53, I 2 = 0%). Three studies described the mean change of CAL in 586 patients, and the mean alteration in CAL at 3 months after treatment was -0.22 mm (95% CI: −0.53, 0.09) [ Figure 6 ]. Further, there was minimal heterogeneity in the alteration of CAL within studies (P = 0.22,
Our results demonstrated the beneficial effect of nonsurgical periodontal treatment not only on glycemic status as measured by HbA1c but also on periodontal parameters CAL and PPD.
DISCUSSION
Several earlier systematic reviews and meta-analyses have described the effect of nonsurgical periodontal treatment on glycemic control in patients of T2DM with CP. [14] [15] [16] Teeuw et al. in 2010, in their meta-analyses, conducted the literature search till 2009 and included five studies. [15] The type of intervention in included studies, in their meta-analyses, was NSPT, including SRP with adjunctive use of topical and systemic antibiotics. [15] Wang et al., in 2014, in their meta-analyses, conducted the literature search till January 2014 and included 10 studies. [16] Intervention in selected studies, in their meta-analysis, was mainly the NSPT, including subgingival and supragingival debridement or SRP with adjunctive use of topical and systemic antibiotics and one of the included studies also involved surgical therapy (periodontal flap surgery), when indicated. [16] Hence, in both of these previous meta-analyses, there was masking of results of SRP alone on glycemic and periodontal status, with adjunctive use of topical and systemic antibiotics, in T2DM patients with CP. The present meta-analysis focuses on the literature search to find out whether SRP as monotherapy has an effect on glycemic control of patients with T2DM. This included six RCTs conducted during the past 10 years, enrolling participants of varying ethnicity from different geographical areas, meaning thereby, the extracted data reflect the global status. The studies included in this meta-analysis have enrolled a total of 410 patients in the intervention group, and 402 control patients following a stringent inclusion criterion. The patients in the intervention group underwent only SRP as a modality of treatment to improve glycemic control and periodontal parameters in T2DM patients suffering from CP. No alterations in antidiabetic medications were made during the study period; in all the selected studies but the one by Gay et al. in 2014, which included individuals from low socioeconomic strata where twenty percentages of the study individuals were not taking any medication for the management of diabetes and patients with HbA1c levels >10% were allowed to have changes in the medical treatment.
[22] Our meta-analysis supports the evidence that SRP leads to improvement in glycemic control in the diabetic patients. The findings show that SRP as a monotherapy results in improvement in HbA1c by 0.26% in the treatment group as compared to the control group at 3 months though the values were not statistically significant. These results suggest that given treatment certainly reduces the HbA1c level, though it did not attain statistical significance. Telgi et al., in 2013 , support that NSPT improves the glycemic control in diabetic patients, as there was a significant improvement in HbA1c levels after 3 months of intervention. [25] However, at the same time, the largest multicenter, randomized trial [21] conducted by , demonstrated no beneficial effect of NSPT on HbA1c after 3 and 6 months of treatment.
Two of the included RCTs [21, 26] were conducted for 6 months, and one of these [26] showed that the benefit of NSPT could be extended for 6 months. This study demonstrated that there was a substantial improvement in HbA1c levels in T2DM patients suffering from moderate-to-severe periodontitis after NSPT. However, the study had a small sample size.
Some of the previous systematic reviews [14, 15] have failed to demonstrate the long-term beneficial effect of NSPT on HbA1c at 6 months indicating that the beneficial effect of nonsurgical treatment is ill-sustained. The findings of the study by Raman et al. 2014 , emphasized that correct brushing techniques and proper method of plaque control can also translate into a clinically relevant improvement in the metabolic control. [24] The study demonstrated a substantial decrease in HbA1c levels in the treatment group compared with the baseline values; however, there was no significant difference in reduction in HbA1c levels among the treatment and the control group at the end of their 4-month trial. Recently, an updated report of eight meta-analyses by Madianos and Koromantzos 2018 , showed that effect of NSPT without the use of adjunctive use of antibiotics resulted in the statistically significant reduction in HbA1c (0.40%) at 3-4 months. However, improvement in HbA1c could not sustain for 6 months. Moreover, adjunctive use of antibiotics did not increase the effect of SRP on glycemic control. [27] Worsening of glycemic control in the presence of CP in patients with T2DM can be attributed to the increased release of proinflammatory cytokines comprising interleukin-6 and tumor necrosis factor-α, which play an essential role in augmenting insulin resistance. [3] Therefore, the NSPT has an impact on glycemic control by reducing the systemic proinflammatory cytokines. The study by Moeintaghavi et al., in 2012 , exhibited a substantial reduction in HbA1c between control and the treatment group after 3 months of completion of the study, which was attributed to decrease in proinflammatory cytokines after nonsurgical periodontal treatment. [23] However, the reduction in HbA1c was lower as shown in most of the meta-analysis. [15, 16] In the present meta-analysis, all the studies did not report the relative changes in periodontal parameters along with the change in HbA1c. The existing data retrieved from the selected studies were analyzed and only four [21, [23] [24] [25] and three studies [21, 23, 24] out of six studies had recorded the periodontal parameters PPD and CAL respectively. The sub-group analysis revealed that there was an overall 0.31-mm decrease in PPD at 3 months which was not statistically significant; however, the forest plot for the same demonstrated that the effect of NSPT on PPD had a favorable outcome. The effect of SRP on CAL showed a reduction of 0.22 mm following 3 months of treatment, but it was also statistically nonsignificant. The forest plot analysis for the CAL showed that only two out of three studies showed the beneficial response for gain in CAL after the treatment, with overall results in favor of nonsurgical management. In the light of the above discussion and the results of this meta-analysis, it can be emphasized that there is a reduction in the levels of HbA1c after SRP, but the effect is not sustained for a long period. Nevertheless, it should not be overlooked that a reduction of 0.26% as a result of SRP can contribute toward the systemic health of the diabetic patient, though for a short duration.
The strength of this meta-analysis includes a larger sample size of 812 patients, inclusion of only T2DM patients with CP, homogeneity in treatment modality, and assessment of periodontal parameters. The meta-analysis [15] which includes studies with small sample size does not provide enough power to the study for the assessment of glycemic benefits following the NSPT. Our meta-analysis included only patients with T2DM as opposed to the other study, [16] which has included patients with both T2DM and T1DM. Homogeneity in the treatment modality is the greatest strength of this meta-analysis contrary to the earlier studies, which have used systemic or local antibiotic treatment as well. [14] [15] [16] Any study, including intervention group using systemic or topical antibiotics as adjunctive to SRP, was not included for this meta-analysis. Administration of systemic and topical antibiotics, per se, is also instrumental in improving the HbA1c levels and systemic and local periodontal inflammatory conditions and the systemic inflammatory load. Hence, the adjunctive use of the antibiotic (topical or/and systemic) along with SRP may not depict the true relationship of the effect of SRP on HbA1c levels and periodontal parameters. However, a recent report suggests for no additional benefit of using adjunctive antibiotics along with SRP. [27] Most importantly, the studies, which have been included for meta-analysis, recorded the PPD and CAL, the two sensitive and specific parameters for assessing periodontal status. Along with the changes in the HbA1c levels, the relative changes in PPD and CAL are also assessed which gives a substantial strength to our meta-analysis. Finally, the majority of the included studies in our meta-analysis enrolled subjects with HbA1c <8%, therefore these studies assessed the modest alteration in levels of HbA1c after conventional nonsurgical periodontal treatment.
Limitations of this meta-analysis are that the studies included were only from a limited number of databases and had a short follow-up period of 3-4 months. Further, we restricted our search to the English language only for the feasibility of data extraction. Moreover, most of the included studies enrolled small sample size except one. However, the total sample size of meta-analysis did reach a significant number of 810. Further, 30% of the studies showed a high risk of bias for blinding of participants and personnel and blinding of outcome assessment.
CONCLUSION
This meta-analysis summarized that SRP alone, as a modality of NSPT show a trend of modest (0.26%) improvement in the glycemic control and periodontal parameters in T2DM patients suffering from CP after 3-4 months of periodontal treatment. There is a significant improvement in the clinical periodontal parameter after the therapy. It is suggested that since, SRP as a monotherapy, helps in reducing general inflammatory load as well as a reduction of HbA1c levels in diabetic individuals, it should be considered as a component of the medical regime (i.e., along with other therapeutic and preventive measures) to manage T2DM patients. However, large well-conducted clinical trials with longer follow-up periods and assessing the change in immunological markers of systemic inflammation are necessary to further understand the long-term effect of SRP on glycemic indices and periodontal status.
